Smoking and obesity informations were collected during company physical examinations. Productivity loss was calculated as differential workdays lost between smokers and non-smokers, and obese and normal-weight employees.
INTRODUCTION
Smoking and obesity are two major health risk factors facing many populations today. The impact of these factors in the workplace is an issue beyond personal health. Obesity is a major contributor to productivity loss for US business: an estimated $43 billion/year. 1 The health hazards of smoking have received the most public attention among major lifestyle risks in the past 40 years due in part to the publicity of the annual US Surgeon General's reports on smoking from the 1960s. 2 As a result, smoking prevalence among American adults over the past 40 years has steadily declined from 37.4% in 1970 3 to 22.5% in 2002 4 and to 20.6% in 2008. 5 Factors contributing to the decrease include smoking bans, media campaigns against smoking, higher cigarette taxes and insurance coverage for smoking cessation programmes. 2 6 On the other hand, there has been a large rise in obesity prevalence over the same period. The prevalence of obesity for Americans over the age of 20 years has increased from 14.6% in 1971-1974 7 to 30% in 2002 8 and to 34% in 2008. 8 Productivity loss attributable to smoking and obesity is important to industry. Several studies have reported that smoking employees have substantially greater absenteeism than non-smoking employees. Based on a survey of cigarette smoking and sick leave at a large petrochemical complex in China, Wang and Dobson reported that on average, smokers missed three additional workdays due to illness each year than non-smokers. 9 Tsai et al 10 examined employees at several Shell Oil Company facilities and estimated an excess sick leave of approximately 3 days among smokers. Other studies have reported that smokers miss more workdays than nonsmokers, ranging from 0.9 to 13.5 days, with an average excess of 2.1 sick days. [11] [12] [13] A relatively small number of studies have attempted to examine the relationship between obesity and duration of illness absence. Based on a 10-year follow-up study in the USA, obese employees of a petrochemical company missed an average of 3.7 extra workdays per year compared to normal Strengths and limitations of this study ▪ Large study population and followed for more than 30 years. ▪ Clinical assessment of body mass index and smoking status, that is, data were collected during physical examination. ▪ Prevalence rates for smoking and obesity were adjusted by gender and work status. ▪ Unavailability of actual company absence data to use in lost productivity estimates.
weight persons. 14 A study conducted on employees from London Underground Ltd reported that obese persons typically took an extra 4 days of sick leave every year compared to normal weight persons, 15 and a prospective study of a Dutch working population reported that obese employees were absent 14 days more per year than normal-weight employees. 16 In a recent systematic review, Neovius et al 17 reported that obese American workers had approximately one to three additional illness absence days per year, and obese European workers had about 10 additional days compared with their respective normal weight counterparts.
While numerous studies have been conducted on various health and economic impacts of smoking trends, 2 studies on the impact of increasing obesity prevalence over time, particularly those related to illness absence in working populations, have been limited. In recent years, comparisons of the long-term effect of obesity and smoking on mortality have been reported [18] [19] [20] ; however, the short-term effect of obesity on productivity has rarely been quantified. 21 This lack of comparable studies is due in part to the relatively 'new' risk status of obesity as compared to the long established risk status of smoking. Similar to smoking, obesity is associated with increasing healthcare costs, productivity loss and risk of various chronic diseases such as cardiovascular disease, cancer, diabetes, hypertension and osteoarthritis, 17 22 23 and even a modest weight reduction can have substantial lifetime health and economic benefits. 24 The purpose of this paper was to examine the changing trends in smoking and obesity prevalence during a 30-year period ) in a population of petrochemical workers, and to simulate the resulting impact on productivity due to these two risk factors.
METHODS
Permission and assurance of confidentiality are required to access the data that is used in the study. Smoking and obesity prevalence data were extracted from physical examination records in the Shell Health Surveillance System (HSS), the data system used in the Company's ongoing monitoring of employee health. 25 26 The HSS comprises demographic, work history, illness absence and physical examination (ie, health history, preplacement, periodic examinations) data for all US employees since 1978. The frequency of periodic examinations, as well as participation in the various examination programmes, differed depending on the type of examination and age of the employee. For example, surveillance examinations were generally performed annually, and since they were mandated by the US Occupational Safety and Health Administration, they had participation rates near 100%. Preemployment physical examinations were required prior to placement in certain positions and also had nearly complete participation. Voluntary examinations were offered to all employees every 1-5 years, depending on the age of the employee, that is, older employees were allowed more frequent examinations. Approximately 30% of employees participated in the voluntary examination programme during the study period.
Self-reported smoking data were collected on 65% of physical examinations along with other medical history information. Responses to smoking history questions were used to determine the smoking status of each employee (ie, current smoker, former smoker or neversmoker). A current smoker was defined as a person who currently smoked (ie, responded yes to a question about smoking cigarettes) and who had smoked 100 or more cigarettes during his/her lifetime. This definition is consistent with that used by the US Centers for Disease Control and Prevention in the National Health Interview Survey. Height and weight were measured and reported for 75% of physical examinations performed during the study period. Body mass index (BMI) was calculated as BMI=weight (kg)/height 2 (m 2 ). Normal weight was defined as BMI between 18.5 and 24. (1980-1984, 1985-1989, 1990-1994, 1995-1999, 2000-2004, 2005-2009 ) was used in the analysis. The value for the mid-year of each of these 5-year time periods, that is, 1982, 1987, 1992, 1997, 2002, 2007 , represents an average for that period. The total number of employees during the study period ranged from 20 000 to 28 000.
Illness absence data are one of the major components of the HSS. While employee illness absence events were consistently recorded for employees who had absences lasting 5 days or more during the study period, they were incomplete for absences of less than 5 days, especially during the 1980s and 1990s. Therefore, the actual company absence data are not able to fully describe the impact on productivity. As an alternative, and based on our review of the relevant literature described earlier, we used a conservative estimate of two additional sick days per year for smokers and three additional sick days per year for obese persons in the calculation of productivity loss. We used the workdays lost per 100 employees as the outcome measure. We also performed two sensitivity analyses to assess a range of possible values for productivity loss when different assumptions were used for excess days lost due to obesity and smoking. The first used two extra sick days for both smokers and obese persons, and the second used three extra sick days for smokers and two extra sick days for obese persons.
Directly adjusted prevalence rates for smoking and obesity by gender and work status ( production/staff ) for the six time periods were computed with the distribution of gender and work status of the last time period, that is, 2005-2009, as the standard. This standardisation was necessary because of the varying proportions of men and women, and production and staff employees who took physical examinations over the study period. All statistical analyses were carried out using SAS System Software V.8.2.
This study did not involve follow-back investigations, contact with employees or next of kin, or identification of any employee in our results. Data used in our analysis included only information collected in the course of Company physical examinations. Collection and analysis of HSS data is considered to be a routine Health Department activity of which employees are kept informed of results. For these reasons, the study was not reviewed by an ethics committee and no informed consent was requested from employees. Table 1 shows the changing trends of workdays lost attributable to smoking and obesity, using an average of two excess sick days for smokers and three excess days for obese persons. Productivity loss in terms of excess absenteeism was estimated to be 43 days/100 employees for obesity and 65 days/100 employees for smoking in 1982, with a ratio of 0.66. By 1987, workdays lost due to obesity exceeded those attributable to smoking, with 60 excess workdays lost per 100 employees from obesity and 50 days/100 employees from smoking, and this pattern continued through the duration of the study period. The contribution of obesity to workdays lost increased dramatically beginning in the early 1990s and was 3.7-fold higher than smoking by 2007, with 127 and 34 workdays lost per 100 employees due to obesity and smoking, respectively. It is noteworthy that excess lost workdays from these two risk factors was 50% greater in 2007 than in 1982 (figure 2), as productivity improvements that might have accrued from reduced smoking were more than offset by the steep increase in obesity prevalence. During the 30-year study period, obesity accounted for two-thirds of all excess lost workdays for these two risk factors.
RESULTS

Prevalence
We also conducted two sensitivity analyses using different assumptions for excess days lost for smokers and obese employees by varying the number of additional sick days due to these risk factors to: (1) two extra days for both obesity and smoking and (2) two extra days for obesity and three extra days for smoking. As shown in table 2, the patterns did not change, although productivity loss due to obesity did not exceed that of smoking until the 1990s.
DISCUSSION
This is the first study to examine the impact of changing trends in smoking and obesity prevalence on productivity in a population of industrial workers. In the early 1980s, workdays lost attributable to obesity was 34% lower than smoking; however, by 2007 it was 3.7 times higher. The negative effect of increasing obesity rates on productivity of this workforce surpassed that of smoking as early as 1987.
At the beginning of the study, the number of lost workdays attributable to obesity was 43/100 employees. During the 30-year study period, workdays lost due to obesity increased to 127/100 employees. The economic (ie, 1980-1984, 1985-1989, 1990-1994, 1995-1999 impact of this on an employer, in terms of lost productivity, is alarming. Based on an average annual wage of $60 000 ($256/day), the direct costs of obesity can be estimated. At the end of 30 years, and assuming a workforce of 20 000 employees, the potential economic impact due to illness-absence from obesity would be $6.5 million/year. The changing patterns of obesity and smoking in this population during the study period were similar to those of the US general population. 27 Prevalence of obesity among our employees increased from 14% in the early 1980s to 42% in 2007 while prevalence of smoking decreased from 32% to 17%. Factors attributable to the decline in smoking prevalence of this working population have been discussed in an earlier paper. 28 However, the reasons for the persistently increasing prevalence of obesity are not immediately clear. It is possible that the decline of smoking has led to an increase in obesity, since smoking is associated with lower body weight and smoking cessation is associated with weight gain. 27 29 30 One study has suggested that a reduction in smoking prevalence has been linked to an increase in obesity; 29 however, this finding was not confirmed by other researchers investigating the same issue but with different methodology. 27 A recent study conducted by Flegal 30 of the US National Center for Health Statistics found that decreasing rates of cigarette smoking probably had only a small effect, less than 1%, on increasing rates of obesity in the US population. Therefore, it is unlikely that increased rates of obesity in this workforce were due to decreasing smoking rates. One limitation of our study was the unavailability of actual company absence data to use in lost productivity estimates. Although absence data were collected throughout the 30-year follow-up period, variability in company absence reporting requirements resulted in only longer absences (6+ days) collected in earlier years and all absences (regardless of length) collected in the latter part of the study period. In addition, divestments and acquisitions of businesses and sites meant that the composition of the study population changed over time. Given these inconsistencies, and length of the study period, we relied on more stable published estimates of incremental days lost in our calculations.
Estimates of lost productivity attributable to obesity and smoking are highly dependent on assumptions regarding differential sick days between obese and normal weight persons and between smokers and nonsmokers. In the calculation of workdays lost, we used three additional sick days per year for obese persons and two additional days for smokers, based on the existing literature. These estimates seem reasonable given that compared to smoking, obesity has a much larger contribution to the development of chronic conditions and spending on healthcare and medications. 21 Another limitation of this study was our inability to assess potential confounders. Illness absence in a working population is a complex phenomenon including many factors, such as diet, physical activity, personal health risk factors and work-related factors. [31] [32] [33] However, the strength of the study lies in the large population, followed for more than 30 years, with clinical assessment of BMI and smoking status.
While reducing the prevalence of obesity will clearly lead to a reduction in premature mortality and increased productivity, these will not happen immediately. In our workforce, we have initiated health programmes and interventions aimed at creating a positive and supportive environment for employees attempting to increase their physical activity (ie, exercise rooms and walking trails), and reduce weight (ie, healthy food offerings at work). We have also redesigned company health insurance programmes to promote preventive care and reward wellness activities. These programmes represent the efforts of health and benefits leaders, and are reinforced by onsite and online educational activities, and role-modelling and support by site leadership. The earlier weight management and health promotion programmes are introduced, (ie, 1980-1984, 1985-1989, 1990-1994, 1995-1999, 2000-2004, 2005-2009 ) represent an average for that period.
the sooner employees and employers will reap their benefits. These programmes should be an urgent and joint priority of corporate health leaders and benefits managers to achieve sustainable change in employee health behaviours and to minimise the future impact of obesity on employee productivity.
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